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Abstract:  
CuO nanowires with a twin structure are synthesized by thermal oxidation. Structural 
characterization carried out by electron microscopy observation of CuO nanowires shown a screw 
dislocation along with the twin structure.According to transmission electron microscope(TEM) analysis, 
including two-beam TEM and high resolution TEM (HRTEM) characterization, the screw dislocation 
was confirmed, with a Burgers vector along with[110] direction. It is suggested that the screw dislocation 
drives nanowire growth, while the screw dislocation is formed by the multiply-twinned structure in 
nanowire as a result of stress relief. 
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Introduction 
Nanowires have shown various new physical properties and demonstrated promising application. 
Growth controlling is important for practical application of nanowires. The one dimensional growth 
mechanism is the fundamental question for controlling growth. Screw dislocation-driven growth theory[1-
8] was proposed to explain the growth of whiskers in 1950s with the development of crystal growth theory. 
The screw dislocation located in the axis of nanowries provides a self-perpetuating step, which promote 
the one dimensional growth. This growth mechanism was concentrated by researchers at that time. 
However, the screw dislocation could not be confirmed easily in limited experimental condition at that 
time. VLS growth mechanism[9] was generally accepted from 1990s. 
 
Bierman[10] reported the observation of screw dislocation in PbS nanowires in 2008. Follow that 
paper, the dislocation-driven growth mechanism was used to explained ZnO nanowires[11], FeOOH 
nanowires[12], CdS and CdSe nanowires[13], Cu nanowires[14] ,and AlN nanowires[15] etc. 
In this work, we synthesized interesting twin CuO nanowires with a screw dislocation at the twin 
boundary. The existing of the twin produced the screw dislocation. The one-dimensional growth was 
induced by the screw dislocation. CuO nanowires in large-scale were synthesized by thermal oxidation. 
The Cu grid was selected as substrate. The grid was cleaned in an aqueous of 1.0 mol/L HCl solution for 
10s, and then rinsed in distilled water. After it had been dried, it was placed on an alumina board and put 
into a furnace with an atmosphere of air. The temperature was increased to 550℃with a 10℃ /min 
heating rate. Keeping the temperature at 550℃for 5 hours, the furnace was cooled. The samples were 
directly observed in scanning electron microscopy (SEM) （FEI Quanta 250, 20 kV) and sonicated to 
TEM grid for TEM (JEOL-2010, 200kV) and HRTEM (JEOL-2010F, 200kV) characterization.  
Figure 1 shows the morphology of the samples in SEM and TEM. Uniform CuO nanowires were 
prepared in high density，as shown in Figure 1(a) and Figure 1 (b). The average diameter is 100 nm and 
the average length is about 10 μm analysis from the top view and side view. Similar with many previous 
articles[16-19] reported about the growth of CuO nanowire, Cu get oxidized to Cu2O in the early stage, and 
then Cu2O get oxidized to CuO at the further oxidation. CuO nanowires grow on the CuO layer, as shown 
in the Figure 1(b). Figure 1(c) shows a typical TEM images and SEAD pattern of a single CuO nanowire. 
Dislocation contrast is located at the axis of the nanowire. Notably, a peak at the top of the nanowire was 
observed, it is a typical feature of twinned crystal, twinned structure in CuO nanowire synthesized by 
thermal oxidation is a common phenomenon[16, 19-21]. The selected area electron diffraction (SEAD) 
patterns indicated a twinned monoclinic structure of CuO nanowires, as shown in Figure 1(d). 
 
FIG.1. SEM and TEM morphological images of CuO nanowires prepared by thermal oxidation. (a) The top view of 
nanowires on the grid. (b) Cross-section view of CuO nanowires, shows a layer structure. (c) TEM images of the 
CuO nanowires. (d) SAED pattern of a CuO nanowire. 
 
Two set of diffraction contrast under double beam conditions were shown in Figure 2. Figure (a) - 
(c) present the contrast of the same nanowire under different double beam condition, Figure (d) - (f) show 
the contrast of another nanowire. The dislocation contrast is visible in Figure 2(a) with spot (11-1), while 
invisible in Figure 2 (b) with corresponding g vector (1-1-2) and invisible in Figure 2 (c) with g vector 
(-22-3). It is means that (1-1-2) and (-22-3) g vectors meet the invisibility criterion, the Burgers vector 
of the nanowire can obtained by taking the cross product of those two g vectors which is [110] . This 
result is confirmed in another nanowire shows in Figure (d) - (f).The dislocation contrast is visible in 
Figure 2 (d) with g vector (220) and Figure 2 (e) with g vector (11-1), while invisible in Figure 2 (f) with 
g vector(002). The results indicated that the Burgers vector b of the dislocation in CuO nanowire is along 
the [110] direction. It is means that there is a twinned structure combine with a dislocation along with 
the CuO nanowires.  
 Figure 2 TEM images of two CuO nanowires in double beam condition contrast, corresponding g vector are shown 
in photograph. (a)-(c) Present a same nanowire, (d) - (e) represent another one. (a) Dislocation contrast in the center 
of the nanowire, corresponding imaging is selected area electron diffraction pattern, (b) and (c) invisible dislocation 
contrast in two beam condition. (c), (d) Show a dislocation contrast in another nanowire, (e) shows a dislocation 
contrast. 
 
Figure 3(a) is the HRTEM image of CuO nanowire near the twin boundary, Figure 3 (b) is the FFT 
image of the the red frame in figure 3(a). As show in Figure 3 (b), the growing orientation is [110] 
direction, it indicated that the dislocation in the nanowire is a screw dislocation as its Burgers vector and 
dislocation line are all along the [110] direction. The interplanar spacings marked with parallel lines in 
Fig 3(b) is measured and labelled, the interplanar spacings of 2.74 Å indicates that the plan is (110) or 
(1-10) plan. Moreover, the lattice located in the blue frame marked in the Figure 3 (b) shows a stacking 
fault, compare with the area of stacking fault (marked with three white lines) and the upside twinned 
area, it can be found that they have a same lattice array. Besides, the stacking fault area marked in blue 
frame contain two sets of opposite partial dislocations. The dislocation structure inthe left side of the 
stacking faults area is shown in the Figure 3 (c), two opposite partial dislocation is marked by blue arrow, 
the corresponding Burgers Vector is 
1
2
 [110] and −
1
2
 [110].Compared with the lattices array marked 
with white line, the twin lattice upside and downside difference in a vector of 
1
2
 [110]. The Figure 3 (d) 
shows the image of the twin boundary zone which is marked between two white dashline, it is clear that 
the displacement is along [110] direction. 
 FIG. 3.HRTEMimages of CuO nanowires. (a) HRTEM image of a twin boundary in the center of nanowire. (b) The 
FFT imaging of the area marke in red frame of (a), and shows a clear twin boundary,the red dislocation-marks in 
indicate partial disloations. (c) The image of the left side of stacking fault in (a). (d)The image of the twin boundary 
area. 
 
From previous analysis, it is confirmed that there are defects(screw dislocation, twin, partial 
dislocation) exist commonly in the CuO nanowire prepared by thermal oxidation. As some other twin 
structures are also reported[20, 21] and found, it is supposed to be more complex structure in CuO 
nanowires. To confirm that, ultrathin section had been prepared and charactrizated. The ultrathin section 
have a diameter of approximately 100 nm with clear boundaries, as shown in Figure 4(a), clear 
boundaries are shown in the microgragh which indicate a multiply twinned structure in the nanowires.  
 
FIG. 4. Schematic of the screw dislocation nucleates in multiply twinned CuO. (a)The ultrathin section 
micrograph of ultrathin section CuO nanowire. (b) Schematic of the the screw dislocation nucleates in 
multiply twinned CuO nanowire under the stress. (c) Schematic of atom configuration. 
 
Multiply twinned structures are common in nanowires[22-25], but have not been reported in CuO 
nanowires. How does the distinctive structure of CuO nanowires formed and what is the relation between 
the dislocation and twinned structure are still need to be solved. It is known that CuO nanowires grow 
on the CuO layer. Since the CuO layer is full of tinygrains, defects generated by thermal stress,chemical 
vacancies and lattice mismatch. Obviously, the CuO layer can provide fundamental needs for the defects 
in crystals. In the initial growth processof CuO nanowires, the multily twinned structure can generate in 
the begaining of the CuO thin-grain layer’s growth since defects produced easily in an oxidative and 
high-stress environment, the privious research reported by Marks[26] had shown that multiply twinned  
particles which are often found at very small size are stable under the effect of surface free energy and 
strain relief. Though there is a strain relief in multiply twinned particles, strain still exist. As is known 
that (110) plan and (1-10) plan are the close-packed plane of CuO, it is easier for defects to slip in (110) 
plan and (1-10) plan, also defects could generate through the vacancies in the close-packed plane, as 
shown in Fig. 3 (b), (110) plan is the twin plan. In the initial stage, during the formation of the multiply 
twinned particles, the shear stress would lead to a atomic movement along the twin boudary, atomistic 
simulations[27] shown that there are both positive and negtive shear stress at different part in the juntion 
of multiply twin, and this process is related to the formation of screw dislocation in CuO nanowires. 
Interfacial defects are common in the twin boundary[28, 29], dislocations along the twin boundary in the 
CuO layer caused by stress are also have been reported[30-33]. Result from the shear stress in the twin 
boundary at the core of multiply twinned stucture, the Cu atoms moved alone [110] direction which 
means there is a slip vector along [110] direction as shown in Figure 4 (b) and (c). The atoms near the 
junction in left twinned structue sliped under the stress, as the atom configuration showing, the screw 
dislocation generated in the twin boundary, as the slip vector is along [110] derection which is the same 
direction of dislication line (along the twin boundary). It is worth noting that the multiply twinned 
structure and (1-10) plan twin play an importan role in the formation of screw dislocation, as the multiply 
twinned structure provide the shear stress to induce the formation and stability of  dislocation, moreover, 
the distinctive twinned structure lead to the slip oriention same to the dislocation line. Additionally, the 
displacements along the [110] diretion in the twin boundary zone indicated the slip of atoms at the 
boundary. The displacement and stacking faults are both the results of stess relief , as shown in Fig. 3 (d). 
Once the screw dislocation generated in the twin boundary of  multiply twinned particle,  the screw 
dislocation would driven the particle oriented grow as it can provide self-perpetuating steps and lead to 
a multiply twinned nanowire. 
 
In summary, we have synthesized a large-scale CuO nanowires by thermal oxidation method and 
report the screw dislocation in twin structure. The defects in CuO nanowires were analyzed by TEM and 
HRTEM, the dislocation in nanowire is confirmed to be screw dislocation and the Burges vector is along 
[110] direction. The screw dislocation along with the twin formed by the shear stress relief of multiply-
twinned structure, distinctive structure lead to the dislocation slip along [110] direction which is same 
direction to the dislocation line. Once the screw dislocation formed, nanowire get start to a one-
dimensional growth a, the screw dislocation driven the nanowire’s one-dimensional growth. The 
distinctive structure of nanowire is a result of specific CuO crystal which lead to the generation of 
multiply-twinned structure and screw dislocation. 
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